How is emotion represented in the brain: is it categorical or along dimensions? In the present study, we applied multivariate pattern analysis (MVPA) to magnetoencephalography (MEG) to study the brain's temporally unfolding representations of different emotion constructs. First, participants rated 525 images on the dimensions of valence and arousal and by intensity of discrete emotion categories (happiness, sadness, fear, disgust, and sadness). Thirteen new participants then viewed subsets of these images within an MEG scanner. We used Representational Similarity Analysis (RSA) to compare behavioral ratings to the unfolding neural representation of the stimuli in the brain. Ratings of valence and arousal explained significant proportions of the MEG data, even after corrections for low-level image properties. Additionally, behavioral ratings of the discrete emotions fear, disgust, and happiness significantly predicted early neural representations, whereas rating models of anger and sadness did not. Different emotion constructs also showed unique temporal signatures. Fear and disgustboth highly arousing and negative -were rapidly discriminated by the brain, but disgust was represented for an extended period of time relative to fear. Overall, our findings suggest that 1) dimensions of valence and arousal are quickly represented by the brain, as are some discrete emotions, and 2) different emotion constructs exhibit unique temporal dynamics. We discuss implications of these findings for theoretical understanding of emotion and for the interplay of discrete and dimensional aspects of emotional experience.
Introduction
Emotions are a potent part of our daily lives; the way in which we characterize and experience them is the focus of contentious and ongoing debate (see Russell, 2009) . Modern neuroimaging and statistical techniques allow for new ways to examine how emotions are delineated in the brain and the indices provided by such techniques might shed light on the most appropriate ways to define or understand them (see Hamann, 2012; Kragel and LaBar, 2016 for reviews).
Two traditional, polar perspectives in the field suggest that emotions exist either as discrete entities or along dimensional space. The discrete emotion perspective suggests that a number of nominal, basic, specific emotions exist in categorical space (Ekman, 1992; Izard, 1992) . In its most strict interpretation, the basic emotion perspective suggests that innate emotions comprise the emotional space as separate entities with unique and distinct physiological correlates: e.g., fear, sadness, anger, surprise, joy, contempt, disgust (Ekman, 1992) . In contrast, the traditional dimensional perspective suggests that emotions exist along graded dimensions, such as valence (positive vs. negative) and arousal (activated vs. deactivated), and that the spectrum of emotional experience can be characterized by where they fall along these dimensions (Bradley and Lang, 1994; Rubin and Talarico, 2009; Russell, 1980) . For example, in this framework, sadness exists within the quadrant of dimensional space where negative valence and low arousal intersect, whereas fear and disgust can be characterized by the intersection of negative valence with high arousal. More modern versions of the dimensional approach have included additional dimensions, such as approach-vs. withdrawal-related value (e.g., Harmon-Jones et al., 2013), or potency and unpredictability (Fontaine et al., 2007) . Both perspectives have been supported through decades of research (Russell, 2009) , resulting in little consensus about the underlying organizational structure of emotional constructs (Hamann, 2012) .
Modern alternatives to these traditional theories of emotion include constructivist, network-based approaches (Barrett, 2017; Cunningham et al., 2014; Lindquist et al., 2013) . For example, Barrett's "theory of constructed emotion" suggests that emotions are experienced and learned based on previous, similar experiences, and derived from a network-based representation (Barrett, 2009 (Barrett, , 2017 . In this framework,
